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1.Introduction

This report presents fieldwork conducted for the ‘Decision support system for the efficient water

usage at households’ (household DSS) module of the Integrated Support System for Efficient Water Usage
and Resources (ISS-EWATUS) project. Household DSS user manuals are appended as annexes. As
described in the ISS-EWATUS Description of Work (DoW) the household DSS module is a part of a larger
modular system for promoting the efficient use of water across numerous domains. In the DoW, two
products are associated with the household DSS.
“At household level: an information system for gathering data about water usage is planned to increase
the awareness of water consumption; the data will be interpreted and presented to household
consumers in an understandable way using mobile devices (smartphones, tablets). A household decision
support system (DSS) will be developed for mobile devices to reduce water consumption.
Recommendations regarding water-saving devices and behaviour will be produced.” (Page 3; Part A of
the DoW)

As specified in the DoW, individual modules of the overarching ISS-EWATUS system were to be
validated at two locations which are disparate in terms of culture and climate. This was established to
ensure that the solutions produced could be implemented at any European Union location. The
household DSS, and its allied data collection system, were to be validated in volunteer homes in the cities
of Sosnowiec, Poland and Skiathos, Greece.

1.1 Fieldwork components

In the ISS-EWATUS Description of Work (DoW) two work packages addressed the implementation of
the household DSS app and the allied information gathering system in pilot households. A team at
Loughborough University (LU) was the designated leader for both work packages and so was responsible
for fieldwork design. Sosnowiec fieldwork was conducted by the Institute for Ecology of Industrial areas
(IETU) in nearby Katowice; they were supported by Sosnowiec’s water authority, RPWiK. Skiathos
fieldwork was conducted by the Centre for Research and Technology, Hellas (CERTH) based in
Thessaloniki with the support of Skiathos water authority DEYASK. CERTH is based in Thessaloniki which
is located on the Greek mainland, 300 kilometres from the island of Skiathos. The fieldwork ramifications
of this considerable distance are considered in this report.

In Work Package 2 (WP2) Loughborough University was tasked with designing and developing a low

cost water consumption monitoring system. Following laboratory-based verification of the system’s
components this was to be installed in up to 40 homes; 20 in Sosnowiec, Poland and 20 in Skiathos,
Greece, by the end of the first year of the project (month 12). This monitoring system would be in place
for 24 months. Fieldwork components were specified in Task 2.2 of the DoW “Design and installation of
water consumption sensors at households”.

The following fieldwork-related steps were identified:

e (Call for voluntary households to participate in the research work including preparing call-for-
participant leaflets, interviewing of the candidates, and visiting households.

e Identify the technical requirements of the water consumption monitoring systems, including
locating the possible spots for water flow-rate sensors, the layout of the monitoring system, and
the sizing of the same system.

e Check the Internet connection at households, if necessary, a new enhanced broadband access
will be provided.
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e Carry out asingle household test, i.e. choosing one household and testing the monitoring system
installed in the household.
e |nstall and test the water consumption systems at the households.

In Work Package 3 (WP3) Loughborough University was tasked with designing and developing an app-
hosted household decision support system. This would provide residents of monitored homes with
bespoke feedback about their water usage as well as advice on ways to conserve water. The system was
to be made available to residents of monitored homes at the end of the second year of the project (month
24). Feedback and advice was to be provided for up to 12 months. Task 3.4 “Implementation and
maintenance of the DSS at household level” includes two steps that relate to fieldwork, namely, “carry
out field trial of the DSS” and “deploy the DSS in all the pilot households.” (Page 12 DoW).

1.2 Report structure

One component of the ISS-EWATUS project entails the development of a mobile application- (app-)
based household decision support system (household DSS). The current document reports on the
implementation and maintenance of this household DSS and the provision of user manuals.

As the report marks the end of this three year project, Chapter 2 contextualizes this phase by providing
a brief overview of the rationale for the household DSS. The rest part of the report is organised
chronologically. Section 3 outlines how volunteers were recruited to the study; it also describes the
procedures implemented to encourage volunteers to continue to engage with the study across its
lifetime. Section 4 presents fieldwork associated with the installation of domestic water monitoring
equipment and subsequent in-home maintenance. Section 5 addresses the fieldwork associated with
installation of the household DSS app. Section 6 describes the implementation and the maintenance of
the DSS. End user feedback is reported in Section 7. English, Greek and Polish versions of the user manual
are presented in sections 8,9 and 10 respectively.

2. Overview of the rationale for the household DSS.

The ISS-EWATUS DoW specified that a water consumption monitoring system would be developed to
collect household data. A household DSS would be developed to provide residents with feedback on their
household’s water consumption and advice on how to conserve water. It was theorized that the presence
of the household DSS in monitored homes would lead to a sustained reduction in water consumption. To
test the efficacy of the household DSS, water consumption would be monitored in volunteer (pilot) homes
for up to 24 months. Midway through this period, the household DSS would be implemented.
Consumption data collected prior to the implementation of the household DSS would provide a baseline
for evaluating the impact of the household DSS on household water consumption.

The household DSS app was conceived as a persuasive technology; consequently, its design would
incorporate a range of strategies for helping or persuading consumers to reduce their water
consumption. In light of this intention, its design was to be informed by behaviour change theory and
extant empirical literature as well as analysis of primary data collected through a series of quantitative

and qualitative social scientific field studies. Analysis of data collected by the water consumption
7
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monitoring system would yield insight into the water-related practices of pilot households. These insights
would inform the design of the household DSS and permit the provision of ‘smart’ tips, that is, water
conservation advice tailored to the practices of the individual household.

The current deliverable reports on the implementation and maintenance of the household DSS in real-
life conditions as well as the production of user manuals. Eight other tasks are closely associated with the
development, operationalization and evaluation of the household DSS. For clarification, Table 1 sets out
all nine tasks, their scheduled end date (in terms of project months) and the associated project report
(i.e. deliverable).

Table 1: Tasks related to household DSS and associated project report

Task | Task title End Report | Report title
month | number
2.2 | Design and installation of water consumption 12 D2.2 The installation of sensors at
sensors at households household level
2.4 | Field studies such as interviews and 8 D2.3 Study of the results of
guestionnaires, house visits questionnaire and content of the
2.5 | Design and implementation of databases 12 database data
2.6 | Maintenance of [water consumption 36 D3.3 No deliverable specified
monitoring] data gathering
3.1 | Developing a water consumption data model 12 D3.1 Data and practice model of water
3.2 | Developing a water consumption practice 18 consumption at household level
model
3.3 | Intervention strategies design 24 D3.2 DSS at household level
3.4 | Implementation and maintenance of the DSS | 36 D3.3 Field study report and user
at household level manual of DSS
3.5 | Analysis of the outcomes obtained from the 36 D7.2 Report of the validation and
DSS at household level evaluation

3. Recruitment of pilot households

The intervention seeks to establish whether the household DSS app facilitates water saving among
motivated residential water consumers. This shaped the criteria used to select households for
monitoring. The DoW lists the following selection criteria: computer savvy, Internet connection, strong
interest in water saving practices and willingness to modify habits for urban water system sustainability.
Engagement with digital technology is relatively low in both Poland and Greece. In 2013, around 32 per
cent of Polish adults and 35 per cent of Greek adults owned a smartphone; adoption of this technology
was associated with higher levels of education (Mobile Planet 2013). As a consequence of this selection
process, adult residents of monitored households are predominantly highly educated. The initial plan
involved the installation of water consumption monitoring systems in ten households in Sosnowiec and
ten in Skiathos. However, reviewers of the proposal suggested increasing this; consequently, water
consumption monitoring systems were installed in 20 homes in each location. More information is
contained in D2.2.
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3.1 Advertising study

For Sosnowiec, residents of a single apartment block were targeted as potential pilot households.
Consequently, layout of the property, and potential sensor sites, could be established prior to volunteer
household selection. Meetings were conducted to provide information to potential volunteers.

For the Skiathos site, multiple modes were utilized to advertise the study to a wide audience of
potential volunteers. Call-for-participant leaflets were printed and distributed. Meetings were
conducted to provide additional information.

3.2 Household selection

Household selection entailed interviewing people who put themselves forward for the study. For
shortlisted candidates, home visits were conducted to establish the suitability of the property in terms
of layout and Internet connection. Potential sites were identified for water flow sensors. An agreement
has been signed by each household before the installation is started. The household socio-demographic
details are various in terms of age, family size, household income and working persons in the family.
Tables 2 and 3 below give details of the volunteer households in Sosnowiec and Skiathos respectively.
Only the ten households equipped with LU wireless devices are given in Table 2, the rest ten households
equipped with the Apator monitoring systems are omitted here as it does show the detail of the
appliances. One household in Skiathos withdrew from the study and is omitted in Table 3. All the
volunteers are encouraged to continue to engage with the study across its lifetime. The Internet access
and a smart tablet have. been promised to all the participating families.

Table 2: Details of volunteer households in Sosnowiec equipped with LU wireless devices only.

Household Family Members . Working Household
Education (adults) .
ID members age persons income PLN
1 1 60 Vocational school 1 1000-2000
2 4 38,38,10,7 University, University 2 2000-4000
3 4 37,34,6,3 University, University 2 6000-8000
4 4 47,44,13,11 University, University 2 >8000
5 3 42,39,11 University, Highschool 2 2000-4000
6 1 30 University 1 2000-3000
7 1 35 University 1 3000-4000
8 4 36,34,10,6 University, University 2 2000-4000
9 4 42,40,16,11 University, University 2 3000-4000
10 4 40,40,7,5 University, University 2 2000-4000
Table 3: Details of volunteer households in Skiathos.
Household Family . H9useho|d
Members age Education (adults) income
ID members
PLN
5 53,50, 21, 18, | Primary school, High school, High school,High 50,000
1 17 school,High school
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4 (+6 persons | 44,48,24,21 High school, High school, High school, High school 40,000
during
2 summer)
4 47,46,13,11 High school, High school, Primary school, Primary 15,000
3 school
4 3
5 4 50,47,18,15 High school, University, High school, High school 70,000
6 4 44,15,12,17 High school, High school, High school, High school 15,000
7 4 50,50,14,14 High school, High school, High school, High school 50,000
4 43,41,10,7 University, University, Primary school, Primary 20,000
8 school
9 4 50,47,16,14 PhD, MSc, highschool, highschool 35,000
4 42,36, 3,6 University, High school, Kinder garden, Primary 25,000
10 school
11 4 49,45, 25, 19 High school, High school, High school, High school 35,000
5 80,47,42, 12, High school, High school, High school, Primary 100,000
12 9 school, Primary school
5 53,45,14,13,9 High school, Primary school, High school, High 100,000
13 school, Primary school
14 3 40,39,2 Primary school, High school, Kinder garden 20,000
15 3 58,49, 14 High school, High school, High school 30,000
16 4 38,38,5,4 University, University, Kinder garden, Kinder garden 100,000
17 4 60,35,34,38 High school, University, University, University 80,000
18 3 48,15,14 University, High school, High school 30,000
19 4 46,45,15,12 High school, University, High school, Primary school 27,000
20 Withdraw from the study and ignored here.

4 Installation of water consumption monitoring system

The water consumption monitoring system developed for the ISS-EWATUS project is a wireless
data gathering and information system. Sensors are attached to water appliances around the home such
as washing machine, kitchen taps, shower and toilet. The home WiFi system sends data collected by these
sensors to a remote server which records the water flow rate and water temperature associated with
each appliance. Details of the water consumption monitoring system architecture are included in
deliverable D3.2, Chapter 4, and are simplified here.

10
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Figure 1. Architecture of the water consumption monitoring system

For the Polish site, two kinds of water monitoring system are used. Both monitoring systems
transmit data in near real time to the ISS-EWATUS spatio-temporal database to make them available for
further processing and use in the household DSS app. The first system was designed by Loughborough
University (LU monitoring system) and has been funded through the ISS-EATUS project. The second
relies upon commercially available smart water meters supplied by the Apator Company (Apator
monitoring system). The Apator monitoring system is based on flow meters and gathered data need to
be post processed before being made available to consumers via the household DSS. The rationale for
using two systems was to ensure that the household DSS is not limited to one type of water consumption
monitoring system. The LU monitoring system provides more accurate data of higher temporal
resolution and enables household DSS users to see their water consumption data in near-real time. This
system is, however, more vulnerable to damage as it is installed on pipe connections. The Apator system
provides less accurate data and there is delay in providing feedback on consumption. In addition,
installation involves the cutting of pipes in walls. However, when the system is installed, there is a
negligible risk of damage.

Ten homes in Sosnowiec are equipped with LU household monitoring systems. In total, 44
sensors have been installed. Ten homes have been fitted with the Apator monitoring system; 77 sensors
were utilized. Appliances monitored in this way include: kitchen taps (hot and cold), dishwasher,
bathroom taps (hot and cold), toilet, shower and washing machine. At the Greek demonstration site,
Skiathos, 20 households were equipped with the LU monitoring system. In total 46 sensors have been
installed. Further details on both monitoring systems can be found in ISS-EWATUS Deliverable 2.2,
Chapter 2. Figure 2 shows the places of the sensors in households. There are many restraints of the
implementation of wireless devices, for example toilets and shower room are wet and not safe to install
any electrical devices including our wireless sensor nodes. Many flat ends with a single sensor in water
sink at kitchens. This causes the difficulty to measure the total water consumption for the household
but not affect the intervention to household’s water consumption behavior through DSS. Figure 3
illustrates the implementation of an Apator monitoring system. It gave the total water consumption for
each household.

11
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Figure 2: Implementation of the wireless sensors and gateways at households.

Figure 3: Apator monitoring system installed inside a wall

5.External functions designed in the household DSS

Functions provided by the household DSS app may be viewed as autonomic; that is to say, they
incorporate sophisticated automated processes which require minimal manual data input from the user.
Explicitly, the household DSS is conceptualised as persuasive technology rather than information
technology.

From a behavioural intervention perspective, one problematic issue with the autonomic
functions of the DSS app is that they cannot differentiate between the actions of different household
members. In effect, ‘personalized’ feedback on water use is not truly personal. A family may comprise a
mix of careful and wasteful water consumers but all are presented with the same water consumption
feedback. In this situation, the advice generated using household data may be irrelevant to the practices

12
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of that individual. This lack of clarity about individual consumption may limit a household member’s
appreciation of their own water using behaviour which may have repercussions for their motivation to
change. Furthermore, individuals may not be provided with the accurate information they need in order
to take control of their water consumption. In order to compensate this drawback, an external function
“Waterdiary” was implemented in the DSS to identify individual water consumption behaviour. The
detail has been given in the user manual in the appendix.

An additional issue with autonomic functions of the household DSS app is the lack of information
about the consumer’s attitudes, most saliently in the domain of the environment. This limits the DSS'’s
capacity to utilize two of the most powerful behaviour change strategies; exposing subjective norms
and invoking cognitive dissonance. Cognitive dissonance theory states that people want their views
about the world to be consistent. Inconsistency (dissonance) makes them uncomfortable and they seek
toreduce it. Subjective norm theory proposes that individuals who are made aware that their behaviour
is judged unfavourably by significant others will feel an internalized pressure to conform. In addition to
the role played by the water conservation social media site, an external app was developed which
sought to address these shortcomings, which is called “Water user classification”. The detail has been
given in the user manual in the appendix.

6. Implementation and maintenance of the household DSS

An app mounted on a tablet computer provides feedback on the household’s water use in near-
real time, broken down by appliance. It also offers ‘tips’, i.e. water-related information and advice. A
remote database contains a wide variety of tips; the system selects appropriate tips for the user on the
basis of analysis of the household’s recorded water usage. Users may view their household’s water
consumption, broken down by appliance, across the past 24 hours or at a daily, weekly or monthly level.
They can set themselves a target for reducing their overall water consumption and the app will give them
feedback on their progress towards this goal. A News function provides personalized information (tips)
on saving water around the home. Personalised tips are generated in response to the household’s recent,
as well as predicted, water consumption. A water diary function is provided to encourage households to
come together and identify the water consumption associated with individual household members. An
additional function uses information on a user’s showering and laundry habits, and household appliance
efficiency, to highlight where a consumer’s water use practices do not align with their level of
environmental concern. The household DSS also provides a link to a social media website which aims to
bring together water consumers and water experts. A detailed account of these functions is contained in
Deliverable D3.2, Chapter 5.

The functions incorporated into the household DSS embodied intervention strategies such as:
normative influence, inconsistency, control, self-monitoring, personalization and ambient display. The
choice of strategies was informed by theorized drivers of residential water use behaviour (see D3.2,
Chapter 3). These drivers had been identified by data, practice and intervention models constructed by
the project team. These in turn derived from a literature review of behavioural theory and prior empirical
research as well as primary fieldwork conducted in and around the pilot sites of Sosnowiec, Poland and
Skiathos, Greece (D2.2, Chapter 2; D3.1, Chapter 2 and; D3.2, Chapter 3).

The current deliverable reports on completion of Task 3.4: Implementation and maintenance of the DSS
at household level. The task is described in the DoW as follows:
“The work task will design and implement a DSS for water consumption reduction at the
household level. The developed DSS will be based on mobile devices, such as smart phones or
other tablets, connected to a central database. The DSS aims to provide the householder a good

13
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awareness of water consumption in a meaningful and effective presentation. The data model,
practice model and intervention model produced in the previous tasks within this WP will be
embedded in the DSS, particularly taking into consideration the user’s attitude towards changing
or maintaining their behaviour. The existing persuasive technologies such as tailoring, tunnelling,
reduction and social comparison will be used to implement the paths for persuasion.”
Task 3.4 spanned months 12 to 36 of the project: consequently, some steps have been reported in a
previous deliverable, “D3.2: “Decision Support System at Household Level”. Table 4 lists the steps
specified in completion of Task 3.4 and identifies the relevant deliverable.

Table 4: Steps associated with Task 3.4
Step Deliverable
Specify the functionality of Decision Support System

Design the architecture based on the available hardware platform at the
household level

Implement the DSS which should be based on mobile devices platform,
particularly tablets, and realise data model, practice model and intervention
model, and with the support from a central database located at the remote
server

Carry out lab testing of the DSS

Deploy intervention strategies obtained in Task 3.3 at the pilot households
Carry out field trial of the DSS Current
Deploy the DSS in all the pilot households

D3.2 Decision
Support System at
Household Level

Implementation of the household DSS includes the following three steps:

Step 1: download the DSS software into a tablet. From the DSS web page
http://212.106.179.154/DSSabout click DSS_Tablet. The app will download automatically. The app name
will start with ISS-EWATUS. When download is complete, install by clicking on the app and then clicking
‘install’. When installation is complete, click ‘Open’ to access the app.

Step 2: configuration of the mobile device

The device that will host the app must be linked to the DSS Gateway Wi-Fi network. The ‘Settings’ app
on the device lists available Wi-Fi networks. Click on the network with the prefix ‘USR’ and click ‘connect’
to join the DSS network. By default, there is no password. If a password is required, consult the system
installer.

© Settings Q@ Scan | %@ Wi-Fi Direct

Wireless and networks Wi-Fi
6 Wi-Ei T HE @ Wi-Finetworks € Scanning...

USR-WIFI232-AP_51CC

9 Bluetooth ﬂ:l Connected

eduroam =
m Data usage Saved, Secured il
TP-LINK_2.4GHz_920298 =
n More settings Saved, Secured -
imago =
a- Blocking mode "o Il Tao-alp =3
- SeCUre
m Sound setup-wifi =
| Open bt
R _. . e

14


http://212.106.179.154/DSSabout

* K

ISS-EWATUS x ok

* 4 Kk

This project has received funding from the European Union’s Seventh Framework
Programme for research, technological development and demonstration under grant agreement no [619228]

Check the connection by using the tablet’s Internet browser to access the DSS gateway at
http://10.10.100.254/. Click on the ‘Application Setting’ tab, scroll down to the Network A setting and
ensure that its port is set to 2014.

& hitp://10.10.100. 254/heme. himl

Moile Sorver 1
Protocal TGP 4
Port 20012
erver Address 15812610396
MAX TCP Numy (1-32) |3z
T 00 5 (300
TCP connection password snthentication | Dissble 4
i ]
(Open the Socketh function on.
= w016

T58.125.103.86

Step 3: Configure the tablet.
When the DSS app starts for the first time, it must be configured so that it displays the correct information
for the individual household. Go to the Configuration page (below).

n Configuration

Gateway IP 10.10.100.254 h
server IP 212.106.179.154
Router|D 9
Language en - (English)

Save

Figure 4: DSS configuration

Do not change the Gateway IP. The Server IP should end in 154 for Poland and 153 for Greece. Set the
router id, which can be found on the back of the gateway. Remove the front Ox and initial 0. If the
preferred language is not English, change the language accordingly. Click ‘Save’ when configuration is
complete. The DSS system is now ready to be used.

Step 4: pass the tablets to the households and show them how to use the DSS.

No household reported any problem about the DSS installed in their tablet. Unfortunately the
maintenance of the water consumption monitoring system has involved significant manforce even the
fault detection was conducted automatically in remote side. Figure 5 shows the web portal of the
maintenance of the wireless monitoring system. In the most cases the fault came from the link between
the tablet and the wireless gateway as the tablet has been forced to connect with a different wireless
system rather than the wireless gateway of the water consumption monitoring system.
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Sosnowiec Water Consumption Gateway Status Summary

Routerld |IpAddress _[status|LastUpdate ____[SensorNum|MeasurementNum|

88.220.124.198 1 4/6/2015 1:22:15 PM
89.77.210.218 1 4/6/2015 1:21:51 PM
88.220.124.198 1 4/6/2015 1:22:07 PM

i
2
i
89.77.208.3¢ 0 3/31/2015 8:14:51 PM 1
85.74.147.173 4/6/2015 1:21:47 PM 1
83.16.126.217 4/2/2015 8:23:30 PM 1
89.68.208.46 4/6/2015 1:22:16 PM 1
89.79.252.153 4/6/2015 1:21:54 PM 1
79.175.209.82 3/28/2015 3:48:54 PM 1
i

i
0
i
i
0
89.79.12.130 1 4/6/2015 1:22:14 PM

(@ 0 0 © & 1 & W N =
(NN N NN RN WR

Figure 5: Web portal of the maintenance of the water consumption monitoring system in Sosnowiec

7. End User Feedback

7.1 In Skiathos, Greece

The positive attitude of the residents who participated in the pilot study of household water
consumption monitoring system was from the beginning of the project. Almost all residents participating
are part of multi-member families (on average 3-4 members) and the same social characteristics (positive
attitude in using the system) have recognized by all of them. Initially all participants were willing to install
the monitoring systems at their houses.

Apart from the fact that some of the installations at the beginning had major difficulties
(electricity plug-ins away from the data loggers, considerable distance of the sensors installed and the
gateway, setting problems with the configuration of the gateways), residents in general spent the time
to understand the basic functionality of the system and had asked important questions to make sure that
the monitoring system would keep working even in extreme situations. In the middle of the study
residents formed focus groups and actively participated in the research methodologies chosen by the LU
partner in order to extract the social characteristics from each group that affect the daily water
consumption in households and to realize what are the major factors that make residents overspend
water. In these focus groups residents participated not only via surveys but also answering general and
later on specific questionnaires which were the primary source of all the statistical results extracted in
this study.

Furthermore, when residents were given the tablet promotion gift that came with the household
DSS and the Water Diary App, initially had few problems in working with the two applications. Soon
enough some of the occurred problems stopped due to the easy user interface of the two programs. Most
of the time residents have operated the programs (especially the water diary app) according to the rules
and succeeded to produce valuable results which were casted and stored in the spatiotemporal database
of the whole system. Participation and results taken have been discussed previously.

Overall, the residents of Skiathos were happy to participate in this study. They said that they have
learned a lot about the ICT and the systems installed have caused for them to start saving water by
realizing that major daily household functionalities and operations can still be performed however by
spending less water than usual. As to daily personal operations (taking showers and baths), the same
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people have agreed that previously were suing the water without thinking the unnecessary spending but
now, realize that water saving is possible, is good for the environment and helps reducing the water bills
every trimester.

7.2 In Sosnowiec, Poland

Searching of households for the purpose of testing and validation of the ISS-EWAYUS decision
support system took more than two months. Initially, people did not respond as enthusiastically to the
call for volunteers as it was anticipated by the project team. However, the attitude was changed totally
after the clarification of 1) the purpose of monitoring (collecting data for the international research
project) and 2) aims of the ISS-EWATUS project. Households were selected in a way ensuring the
significant diversity. Therefore, in the project participated: older people (60+), young single and young
couples, and mostly families with one or two children. Households were apartments varying from approx.
30 to 100 square meters what is typical for the city of Sosnowiec. Also the income of families was
diversified ranging from 50% to 200% of the average national income.

All selected households were equipped with tablets and participated actively in the testing of DSS,
and in the validation. Participation of households resulted in the collection of 23-months records of the
water consumption and half of households provided information about 100% of water consumption in
this nearly two years period. Since the water diary application was added to the DSS, households have
answered more than 1200 times the question about the purpose of water use and about the person who
had used the water at given time.

Households have participated in two questionnaire surveys and part of them also in two focus

groups’ meetings, organised in the middle of the monitoring campaigns. Similarly to the Greek case study,
participants not only answered all questions but took part in discussions and asked questions related to
the project and generally water saving issues (about the environmental impacts of water consumption /
pollution and about the ICT solution aimed at the water saving).
Apart from the planned activities, there were several interventions required in order to keep the
monitoring systems fully operating. Such interventions were occurring as a consequence of, e.g., change
of the provider of the Internet, failure in the electricity or Internet services, changes of Wi-Fi routers or
even moving of the family from one apartment to another. All such situations needed an assistance of
the project team and cooperation of the households owners. Thanks to the surprisingly positive attitude
of End Users, all interventions have been successively carried out.

8. Results of the study

The results of the study is shown as “data of consumption of water are gathered and summarized for
each household before and after our intervention strategies were implemented. The difference shows
the efficiency of the DSS”. The comparison periods are June to December of 2015 and 2016 respectively.
Three groups of households are participating in the comparison. First group came from Skiathos, second
group from Sosnowiec, both of the groups are installed the water supply meter in the household. The
third group came from households in Sosnowiec, where the lump sum payment is used in the absence of
the water supply meter in the household. The detail are given in the evaluation report D7.4

In Skiathos, ten out of 20 households were selected in this group for water consumption comparison. The
unselected households are either installing very few sensors and lost the representative or the monitoring
system or the DDS system have been stopped working for some time during the comparison period. Table
5 gives the average monthly water consumption for the comparison period. The water saving percentages
for each month are shown in the second half of Table 4. Ignoring the holiday time from July to November,
water consumption has been reduced to 93.3% and 33.30% in June and December respectively.
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As described previously the comparison period is from June to December 2015 and 2016. Eight out of 20
households were selected in Sosnowiec for water consumption comparison. Other ten households were
grouped in another group. The unselected two households are either installing very few sensors and lost
the representative or the monitoring system or the DDS system have been stopped working for some
time during the comparison period. Only the average monthly water consumption is compared in Table
6. The water saving percentage for each month is shown in the second half of Table 5. In June and
December the water consumption has been reduced to 90.20% and 117.38% respectively.

The third group represents households where the lump sum payment is used in the absence of the water
supply meter in the household in Sosnowiec. Ten households were selected in this group for water
consumption comparison. Table 7 gives the average monthly water consumption for the comparison
period. The water saving percentage is shown in the second half of Table 7. In June and December the
water consumption have been saved to 98.64% and 72.35% respectively.
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Table 5: Average monthly water consumption in Skiathos in 2015 and 2016

*
*
*

Average monthly water consumption in 2015 [L]

Routerld June July August September October November December

12 74,95 100,08 95,13 66,52 19,73 15,92 18,28

16 25,68 46,27 41,05 30,85 22,05 17,99 14,04

18 7,08 0 1,05 2,75 3,30 4,65 3,73

19 125L 0 0 5,24 6,53 21,27 0

1a L2415 L0822 8,26 3,66 13,13 0 43,40

1b 2,03 2,26 1,13 1,99 0,66 3,04 0,81

1c 25,62 25,47 18,59 20,41 16,53 10,59 10,10

7 105,38 135,82 58,43 0 19,95 el 28500

d 35,18 45,07 43,87 55,02 0 0 69,58

182,78 79,82
Average monthly water consumption in 2016 [L] and dynamics indicators

Routerld June Rate Rate August Rate September Rate October Rate November Rate December Rate
12 109,08 | 145,53% | 85,34 | 85,28% | 109,88 | 115,51% 96,40 | 144,91% 5,68 | 28,79% 2,49 | 15,64% 15,87 | 86,84%
16 11,94 | 46,48% | 19,10 | 41,27% | 18,74 | 45,66% 5,24| 17,00% 0| 0,00% 2,35| 13,07% 2,11| 15,03%
18 2,73 | 38,59%| 2316| 0,00%| 2,22|212,29% 2,225 | 80,85% 2,8| 84,96% 6,572 (141,23% 0| 0,00%
19 0| 0,00% 0| 0,00% 0| 0,00% 5,75 | 109,80% 0,64| 9,81% 1,95 9,17% 0| 0,00%
1a 0| 0,00% 0| 0,00% 0| 0,00% 0| 0,00% 6,76 | 51,49% 4| 0,00% 0,25| 0,58%
1b 1,06 52,10%| 2,66|117,70% 1,77 | 156,89% 9,24 | 463,70% 6,24 | 950,55% 6,44 | 212,02% 3,12 | 386,32%
1c 14,79 | 57,75% | 12,03 | 47,24% | 16,47 | 88,59% 19,96 | 97,82% 19,86 | 120,13% 18,62 | 175,85% 11,06 | 109,49%
7 83,38 | 79,12% | 95,15| 70,06% | 75,50 |129,21% 83,07| 0,00%| 54,04|270,82% 0| 0,00% 0| 0,00%
d 34,46 | 97,95%| 30,27 | 67,15% | 31,93 | 72,78% 37,13 | 67,49%| 69,30 0,00% 61,91 | 0,00% 19,60 | 28,17%
Total 257,44 | 93,30% | 244,55 | 68,89% | 256,51 | 98,95% 175,95| 96,26% | 96,02 | 94,26% 38,42 | 52,31% 52,02 | 33,30%
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Table 6. Average monthly water consumption in Sosnowiec in 2015 and 2016
Average monthly water consumption in 2015 [L]

Routerld June August September October November December
1 44,11 17,8558 70,33 32,81 35,79 58,543 66,349677
2 197,905 127,56 113,797 148,838 121,636 139,85033 4EE 2L
3 27,5869 31,64 0 0 48,5382 48,001 24,09
4 132,57 0 4,67 170,532222 162,165 202,40056 164,80214
5 40,445 65,35 74,8375 32,4475 51,7983 54,305833 61,238889
8 127,51 103,38 150,125 83,732 97,8714 99,726 114,89742
c 174,903 157,80 183,71 110,67 179,046 132,66655 150,09897
e 75,98 77,47 93,25 83,81 77,29 83,326333 96,966452
Total 821,01 581,06 690,71 662,84 774,14 818,82 678,44

Average monthly water consumption in 2016 [L] and dynamics indicators

Routerld Rate  August Rate September Rate October Rate November Rate December

1 43,68 | 99,03% | 36,6633 | 205,33% | 38,23| 54,37%|28,6584211| 87,35% | 14,3116 | 39,99% 6,2628 | 10,70% 26,924 | 40,58%
2 114,70 | 57,96% | 128,02 |100,36% | 97,67| 85,83%|128,394615| 86,26% | 147,985 | 121,66% 150,13 | 107,35% 0| 0,00%
3 0,3875| 1,40% |13,9731| 44,16% | 306,145 9;00% 34,883 | 0,00%| 50,2294 |103,48% | 34,083667 | 71,01% 34,69 | 144,02%
4 181,52 | 136,93% | 160,3%| 0,00% | 165,22 |3537,93% | 185,430385 | 108,74% | 203,366 | 125,41% | 164,39692 | 81,22% 178,94 | 108,58%
5 53,33 |131,87% | 52,5661 | 80,44% | 112,064 | 149,74% | 111,506667 | 343,65% | 114,145 | 220,36% | 102,52429 | 188,79% | 120,9725 | 197,54%
8 112,99 | 88,61%| 71,34| 69,01%| 91,60 61,01%|98,3292308 |117,43% | 112,408 | 114,85% | 111,66733 | 111,97% | 116,22548 | 101,16%
c 156,437 | 89,44% | 125,93| 79,80% | 156,18 | 85,01% 152,574 | 137,86% | 160,483 | 89,63% | 138,79933 | 104,62% | 153,02645 | 101,95%
e 77,5144 | 102,02% | 133,80 |172,72% | 133,87 | 143,56% | 116,3036 |138,78% | 91,2016 | 118,00% | 108,92033 | 130,72% | 165,55871 | 170,74%
Total 740,56 | 90,20% | 562,30| 96,77% | 794,84 | 115,07% 821,20 | 123,89% | 894,13 |115,50% 816,78 | 99,75% 796,34 | 117,38%
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Table 7: Average monthly water consumption in Sosnowiec in 2015 and 2016

Monthly water consumption in 2015 [L]

Routerld June August September October November December
102 8119 8521 8817 8114 8153 8577 9851
109 4426 3138 3797 7420 7076 6779 7403
206 10834 13198 13572 12890 12389 14058 11728
210 9567 16475 10460 11097 29013 31651 31948
213 12876 12904 13116 14463 12255 12510 15225
301 5009 5845 6286 4725 4561 3939 4058
305 11390 8813 6138 10399 9970 10066 7734
312 20895 22444 22091 19678 20390 20521 20602
405 6420 5445 7913 7401 7533 9183 7719
Total 89536 96783 92190 96187 111340 117284 116268
nthly water consumption in 2016 [L] and dynamics indicators
Routerid August Rate September Rate October Rate November December
102 4522 | 55,70% | 3358| 39,41%| 5919| 67,13% 7022 | 86,54% 3927 | 48,17% 3953 | 46,09% 8928 | 90,63%
109 5357 |121,04% | 4590,3 | 146,28% | 4402 | 115,92% 5098,5| 68,71% | 5753,9| 81,32%| 4700,52| 69,34% | 5358,54| 72,38%
206 11661 | 107,63% | 11590 | 87,82% | 13390 | 98,66% 12588 | 97,66% | 12273 | 99,06% 12238 | 87,05% 14267 | 121,65%
210 19948 | 208,51% | 18850 |114,42% | 16557 | 158,29% 23245|209,47% | 18289 | 63,04% 19586 | 61,88% 22401 | 70,12%
213 12698 | 98,62% | 12269 | 95,08% | 10378 | 79,12% 8994 | 62,19% 9625 | 78,54% 10526 | 84,14% 10203 | 67,01%
301 6122 |122,22% | 4337 | 74,20%| 4750| 75,56% 4619 | 97,76% 4732 | 103,75% 5012 | 127,24% 3371 | 83,07%
305 8670 | 76,12% | 7726| 87,67%| 5866| 95,57% 5133 | 49,36% | 11403 |114,37% 10764 | 106,93% 790 | 10,21%
312 10418 | 49,86% | 16148 | 71,95% | 16132 | 73,03% 11536 | 58,62% | 14420 70,72% 12798 | 62,37% 11888 | 57,70%
405 8920 |138,94% | 7186|131,97%| 5279| 66,71% 7351 | 99,32% 7976 | 105,88% 6830 | 74,38% 6910 | 89,52%
Total 88316 | 98,64% | 86054 | 88,91% | 82673 | 89,68% 85586,5| 88,98% | 88399 79,40% | 86407,52| 73,67% | 84116,54| 72,35%
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9. English version of the user manual

In addition to the Configuration tab, the front menu displays DSS operational tabs. By selecting
different tabs, the relevant information will be displayed.

9.1 Daily usage

The graph in the top part of the daily usage screen displays the last 23 hours’ water usage in litres

Realtime Flow Trend

Figure 6. Daily usage

9.2 News

This tab provides information broken down into three categories: Water Saving, Environment
Impact and General Knowledge. Click on a tab or swipe the screen to switch between categories. Clicking
on a tips title displays the tip. After reading, click ‘ok’ to return.

Environment Impact General Knowledge

Fix the leaky taps

One minute shower

Figure 7. Tips

End users are only presented with tips which are relevant to their situation. Relevance is
determined by models of historic and predicted water usage. Some tips include web links to relevant
external sources. Tips include:

1. Fix leaky tap is shown when the system detects uninterrupted water usage across a protracted
period.

2. You are above average: is shown when the water usage from the previous day exceeds the
average for the whole neighbourhood.

3. Increased water usage is generated by an increase of more than 15% day-to-day

4. Heavy user indicates the household is one of the 10 highest users in their neighbourhood.

5. Be proud! Is the opposite of above situation, when the household is among 10 users with

minimal water usage.
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6. Are you in a hurry? Is generated when the household is among the 10% who use water most
often. Here, we also ask the user to look for faulty taps and leaks.
7. Disciplined is the opposite of the above tip.

8. Increasing trend is computed using the Linear Regression model and is shown when the monthly
trend for the user predicts elevated water usage.
9. Decreasing trend is the opposite of the above tip.

10.  Expected water usage is a fully personalized tip which uses the ARIMA model to predict the
expected water usage for the following day.

11.  Water in kitchen is shown as a warning to those users who have the biggest water usage in the
kitchen. This tip also suggests installing special equipment in the kitchen to save more water (e.g. tap
aerators).

12.  Water in bathroom is for bathroom appliances. The user is presented with a web link where he
or she can check whether their appliances are water-saving.

13.  Shower water is shown when the shower usage for the household is particularly high.

14.  Toilet flush is generated when the toilet usage is abnormally high. The user is then presented
with a tip involving the installation of a dual-flush toilet.

9.3 Rate Diagram

The rate diagram screen provides a water consumption benchmark that allows the user
to compare their household’s recent daily monitored water consumption against their
historical average. Seven ‘current trend’ boxes display daily water consumption in litres across
the previous week (with -7 referring to seven days previously and -1 referring to the previous
day). These boxes are colour coded and aligned with a rating schema. Darkest green indicates
very low household consumption (Band A: at least 30% below the household’s historical
average). Yellow (Band D) indicates the historical average. Red (Band G) indicates very high
water consumption (at least 30% higher than the household’s historical average).

- RatelWagram

Water Consumption Benchmark
Rating Schema Current Trend
-4 a

2 & - 2 -1
[ <30%A | [ 60.0457) 67 5057) 102 392

[ 109 483] 115.085} | 107 527]
[ <-10% C | 122 060

| =+20% F |

T T

Figure 8. Rate diagram

9.4 Summary diagram

The summary diagram page provides information on your household’s water consumption, in litres,
for different appliances within your home. The first three symbols indicate kitchen taps, dishwasher and
bathroom taps. The next three indicate washing machine, toilet and shower. Use the tabs to choose the
time frame for the display. This can be daily (last seven days), weekly (last four weeks) or monthly (last
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Figure 9. Summary diagram daily, weekly, and monthly

9.5 Goal setting

The Goal setting page gives you a summary of your household consumption, in litres, across the
last seven days and 30 days. It allows you to set a target for reducing your household’s water
consumption and to monitor your daily progress towards this goal. You can choose a target
consumption that is 10%, 20%, 30% or 40% below your historical consumption. The goal settings are
immediately calculated to reflect your choice. Feedback on recent consumption is colour coded;
green indicates that the goal has been reached and red indicates it has not.

Self-goal Setting

Your Consumption Your Daily Con: tion Goal Sett
Last 7 Days Weekly Goal Last 30 Days Monthly Goal e ey Comeumplion .

767.52 4584.86 3289.38

Figure 10. Goal setting

9.6 Water Diary

Water Diary is an app in the form of a household water use diary. It presents water use events
derived from sensor data and enables household members to declare who used the water. This allows
users to identify which household member, and which activities, consume the largest volume of water.
This feature increases the quantity and granularity of water consumption information available to
households. It also exposes individual consumers to the gaze and water-related attitudes and subjective
norms of other household members.
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< WaterDiary

|@- 155-EWATUS
o

From To
2015-12-08 2015-12-09
Date Behaviour Family member Volume
2015-12-08 00:01 Golenie - Anna ¥ 2.592
2015-12-08 00:02 Pranie * Adam > 17.541
2015-12-08 00:03 Pranie - Katarzyna x 31.164
2015-12-08 00:04 Pranie =  Adam > 2.693

AAAE AA AG ARLA A ot N A AcT

Figure 11.7Water diary

9.7 Water user classification

Like the WaterDiary, the water user classification (WUC) function seeks to attribute
consumption to individuals rather than the ambient household. In addition, it introduces a
consideration of attitudes towards the environment with the intention of provoking cognitive
dissonance among environmentally-aware consumers with wasteful water use routines or
inefficient household appliances. It collects survey data from individual household members
relating to their showering and laundry habits, household appliance efficiency and level of
environmental concern.

The WUC juxtaposes an individual’s position on technological (efficiency), usage (curtailment), and
environmental (attitude) dimensions. Personalized feedback highlights where technology and/or user
behaviour are at odds with the consumer’s environmental attitudes. Recognition of this discrepancy
may invoke cognitive dissonance and motivate users to modify their behaviour or appliances. The WUC
also presents tailored information about potential water saving actions. Unlike the autonomic
household DSS, this feedback is personalized to the individual rather than the household.

25



* K
ISS-EWATUS £

This project has received funding from the European Union’s Seventh Framework
Programme for research, technological development and demonstration under grant agreement no [619228]
You are a high tech/high use consumer. High tech households like

yours save waterand energy by adopting efficient technology. ©

However, although you are very concerned about the environment,

your everyday routines use a lot of water and energy. ®

* 4 Kk

Technology

_ Intermediate High

Usage

Intermediate

Low

Q Means that you are an environmentalist

G Means that you are aware of environmental issues

& Means that you have low environmental awareness

‘ Click here to get personalised advice on saving water

Figure 12. Water user classification

10. Greek version of the user manual.

Eyxelpidio yia 1o Zuotnua YrootnpEng anogpaccwv yia NoltkokupLa

EKTOG amo tnv KaptéAa TG Alapopdwaong, TO UITPOoTIVO HeEVOU Tou DSS epdavilel T KapTEAEC XpHoNG.
EruAéyovtag SLapopeTIKEG KAPTEAEC, Ba b aVIOTOUV OL OXETIKEG TTANPOGOpLEG.

10.1 KaBnuepwvn xpnon
To ypadnua oTo mavw KEPOG TNG 080vNG TNG KABNUEPLVAE XProng epdavilel TI¢ TEAEUTALEG 23 WPEG TNG
Xprnong vepou og Alitpa ava Aemto. OL mopakATw MIVAKES TapouaLlalouV TV TEAeUTaLa Xprion vepou yLo

KAOe ouokeun..
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3

Realtime Flow Trend

Aldypappa 6. KaBnuepvn xpnon

10.2 Néa
AuTn n Kaptéha Tapéxel MANPodopleg oL OMOILEC KATAVEUOVTAL O TPELG KATnyopleg: E€otkovounon
Nepou, MeptBarroviikég Emumtwoelg kat Mevikn M'vwon. Kavte KAk o€ pla kaptéla i cUPETe Tnv 086vn
yla evalhayn HETAEU TwV Katnyoplwv. Kavovtag KALK 0Tl cUUPBOUAEC eVOC TITAOU, OXETIKEC CUUPBOUAEG
gudavilovral otnv 006vn. MeTd tnv avayvwaon, KAVTE KALK oTto « OK» yLo va eTLOTPEYETE.

Environment Impact General Knowledge

Fix the leaky taps

One minute shower

Aaypappa 7. ZupBouAEg

YTOUG TEALKOUC XPrOTEC TtaPOoUGLAloVTaL LOVO OL CUBOUAEC Ttou oxetilovTal Je ThV KaTdotaoh Touc. H
ouvadela kabopileTal amo Ta LOVTEAQ TOU LOTOPLKOU KO TNV TPOBAETIOMEVN XPrioN TOU vePoU. MEepLKEC
OUPBOUAEC meplAopBdavouv CUVOECUOUC Ot OXETIKEC efWwTePLKEC TINYEC. OL cUPBOUAEC ToU
eudavifovral sival ot €€AG:

1. H oupPouln «AwdpSwoe tic Siappoéc Bpuonc» eudaviletal Otav TOo CUCTNUO AVLXVEVUOEL
aSLaKomn xprion vepou yla hLa TapateTapévn nepiodo.

2. H oupPBoulr) «Eiote avw tou péoou opou» eudoaviletal 6tov n Xpron Tou vepou amod tv
TipoNyoUEVN NUEPQ UTIEPPAiVEL TO HEGO OPO YLOL TO GUVOAO TNG YELTOVLAC.

3. HoupBouln «Avénuévn xprion vepou» MOPAYETAL Ao Lo avénon avw tou 15% amo nuépa o
nuépa.

4. «Bapéa xprion» SnAwvel OTL To VolkokupLd elval éva amo ta 10 uPnAotepa o xprion vepoul ot
YELTOVLA TOU.

5. «Na giote unepripavor» sivat akpLBwe To avtiBeTo amod to MponyoUEVO, OTIOU TO VOLKOKUPLO
glval éva amno ta 10 yapunAotepa og Xprion VEPOU 0T YELTOVLA TOU.

6. «Bialeote?» Auti n cUUBOUAN TMapdyetal OTAV TO VOLKOKUPLO €ilval oto 10% autwv Tou
XPNOLUOTIOlOUV veEPO ouxvotepa. ESw emiong emonuoivoupe oto XpHotn va Koltael yla
SLappoég kot mpoPAnpata otig BpUosG.

7. «MNetGapynuévog» Elval akplBwe To avtiBeTo amno to mponyouuevo.

8. «Auéntikn taon» utoloylletal XpNOLUOTIOLWVTAG TO UOVTEAO YPAUULKAG TTaAlvEpounong Kat
eudaviletal 6tav n pnviaio Taon yla to xprnotn npoPAEnel avénpévn xprion Tou vepol.

9. «ltwrtikn taon» Elvol akplBwe To avtiBeTo amo to mponyouUevo.

10. «Avouevouevn xprion vepoU» gival pla mANpwG eEQTOULIKEVUEVN CUMBOUAN TIOU XpnoLUOTIOLEL
1o povtélo ARIMA va mipoBA€YeL TNV avapevopevn Xprion vepoU yLa TNV EMOUEVN NUEPQA.
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11. «Nepo otnv kouliva» epdaviletal w¢ Mpoeldomnoincn mPog Toug XPNOTEC TIOU £XOUV TN
peyalutepn xpnon vepol otnv kouliva. Auth n cupBouAn MPOTELVEL eMioNng TV EyKaTACTOCN
e18koU e€omAlopou otnv kouliva yLo VoL OWOEL TIEPLOCOTEPO VEPO (TL.Y. CUOKEVUEG AEPLOUOL OTN
Bpuon).

12. «Negpd oTo umavio» glvol To HAVUHA VLo TIC CUCKEUECG TOU UMAVLIOU. ITOV Xpnotn sudaviletol
£vag oUVSeoUOG OmoU propel va eAéyéel edv oL CUOKEUEG TOU owlouV VEPO.

13. «Nepd tou vroul» to pRvupa epdaviletal étav n xprion tou vepol tou vtoul ival tdlaitepa
vdnAn.

14. «Xprion TovaA£tac» To HAVULA TTAPAYETAL OTav N Xpron tng TouaAétag eival olaitepa uPnAn.
Ytov Xxpnotn tote epdaviletal pia cUUPOUAR va eyKataothoel Kalavakt e Sumhd koupri (pon

Xprion vepou).

10.3 Alaypappa BaBuoAdynong

H 0B86vn Staypappa pubuol/Badpoloynong mapéxetl £va onpeio avadopag tng KATavVAAwWong
VEPOU TIOU ETUTPETEL OTO XPNOTN VO CUYKPLVEL TIC TPOodATEG KABNUEPLVA KATAVOAWOELS
VEPOU TOU VOLKOKUPLOU TOU OXETLKA LLE TOV LOTOPLKO HECO OpPOo. EMTA KouTld pe tnv €vdelén
«Tp€Xxouoa tacn» eudavilouv TV nueEpnola KatavaAwon vepol o€ Altpa yla OAn tnv
nponyoLuevn eBdopdda (Ue -7 va avadEPeTal OTIG EMTA TPONYOUUEVEG NUEPEG Kal To -1
avadEPETAL OTNV TPONYOUUEVN NUEPA). AUTA TA KOUTLA £XOUV XPW A TTOU KwdLKoToLelTal Kat
elval evBuypappiopéva pe éva oxnua aftoAoynong. To okoUpo MpAcLvo UTTOSELKVUEL TTOAU
xapnAn katavaAlwon (Band A: touAdylotov 30% KATw amod Tov LOTOPLKO HECO 0po). Kitplvo
(Band D) umobelkvUeL TO LOTOPLKO HECO Opo. Kokkvo (Band G) umodelkviel moAl udnAn
KatavaAlwon vepou (touAdyilotov 30% uPnAotepn amod Tov LoToPLKO PECO 6pOo).

- RateDiagram

Water Consumption Benchmark

Rating Schema Current Trend
7 e B E ] -3 Cr ] -1
| <30%A | [ 60,0457}
[ 115,05} | 107527}
[ <10% C_ l 122 015
I +20% F ]
I T

Awaypappa 8. Ixnua aloAoynong/Baduoloynong

10.4 IxAua mepiAnPng

H oeAiba pe To Staypappa tng nepiAnPng mapéxet mAnpodopleg OXETIKA LE TNV KATAVAAWGN VEPOU TOU
VOLKOKUpLOU o€ Aitpa, yLa S1addopeg CUOKEVEG HEoa oTo omitl. Ta mpwta tpla cUpBoAa Seixvouv Tig
Bpuoeg koullvag, To MAUVTAPLO TILATWVY Kal TIG BpUoEC Tou pmaviou. Ta emopeva tpla Seixvouv To
TIAUVTAPLO, TNV TOUAAETA KOL TO VTOUG. XPNOLLOTIOLHOTE TIG KAPTEAEC YLa VAL ETUAEEETE TO XPOVIKO
mAaiolo yla tnv epdavion. Auto propei va eivat kaBnuepivr) (teheutaisg emtd nuépec), eBdopadiaia
(teleutaieg Téooeplc eBEopadeg) R unviala (tpetg teheutaioug UAVEG).
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SummaryDiagram
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Alaypappa 9. KaBnuepwveg, eBdopadlaieg kat pnviaieg meptAnPeLg.

10.5 PUBuLon otdxou

H oeAida puBuion otoxou Sivel pla mepiAndn tng KatavaAwaong volkokuplol, o€ Altpa, o€
OAEG TLG TEAEUTALEG EMTA NUEPEG KaLl 30 NUEPEG. ZOG EMUITPETEL VA OPLOETE Eva OTOXO yLA TN
Helwon tTNg KatavAaAwaong vepol TOU VOLKOKUPLOU oag Kal va mapakoAouBel kabnueplva tnv
TP0060O oag mMPog auth TNV KateLBuUvon. Mrnopeite va eTUAEEETE LA KATOVAAWGON «OTOXO»
Tou propet va eivat 10%, 20%, 30% 1 40% kAtw oo TV mponyoUevn Katavalwon cag. Ot
puBuioelg Tou otdxou umoloyilovtal AUECWE £TOL WOTE VA AVTOVOKAOUV TNV €miloyn oag. H
avatpododOTnon OXETIKA UE TNV MPOodatTn KATavAAwaon lval KWELKOTIOLNUEVN UE XPWHOTO:
TO T(PACLVO UTTOSELKVUEL OTL O 0TOXOG EXEL EMITEUXOEL KOl TO KOKKLVO SNAWVEL OTL Sev €XEL.

Self-goal Setting

Last 7 Days Weekly Goal Last 30 Days Maonthly Goal

Your Consumption Your Daily Consumption Goal Setting

983.24 767.52 4584.86 3289.38

Awaypappa 10. PUBuLon otdxou

10.6 HuepoAdyLo vepou

To Water Diary eival pla edappoyr He tn Hopdn €vog nUEPOAOYIOU OLKLOKAG XPHOoNG VePOU.
Mapouclalel Ta yeyovota Tng XProng Tou VEPOU TIoU TTPOEPXETOL oo Sedopuéva amo alebntrpeg Kal
ETUTPEMEL OTA HEAN TNC OLKOYEVELAG VO SNAWGCEL TTOLOG XPNOLUOTIOINOE TO VEPO. AUTO EMLTPEMEL OTOUG
Xpnoteg va evtomilouv Told HEAN TNC OLKOYEVELAG KO TIOLEG SpaoTnpldTNTEC KOTOVOAWVOUV TO
HeYaAUTEPO OYKO TOU VEPOU. TO XAPAKTNPLOTIKO AUTO aUEAVEL TNV TTOCOTNTO KOL TAV TIUKVOTATO TWV
mAnpodoplwv KatavaAwaong vepol mou elvat StaBéolpeg. Asiyvel emiong LEULOVWHEVOUC KOTAVOAWTEC
KOL TNV OTAON TOUG OXETLKA HUE TO VEPO KABWC KOL TO KOWWVIKO TPOTUTIO TWV GAAWV HEAWV TNG
OLKOYEVELQC.

29



* K

ISS-EWATUS x ok

* 4 Kk

This project has received funding from the European Union’s Seventh Framework
Programme for research, technological development and demonstration under grant agreement no [619228]

< WaterDiary

o

From To

2015-12-08 2015-12-09
Date Behaviour Family member Volume
2015-12-08 00:01 Golenie - Anna ¥ 2.592
2015-12-08 00:02 Pranie * Adam v 17.541
2015-12-08 00:03 Pranie - [Katarzyna x 31.164
2015-12-08 00:04 Pranie =  Adam v 2.693

AAAE AA AG ARLA A ot _ N _ A AcT

Awdypoppa 11. HuepoAoylo vepou

10.7 KatnyopLomoinon xpnotwv vepou.

Onwg kat To WaterDiary, n (WUC) cuvdptnon ta§lvounong/katnyopLlonoinong Twv Xpnotwy
VEPOU ETILSLWKEL VO armoSWOEL TNV KATAVAAWGCN O€ HEUOVWHEVA ATOUA KOl OXL CUVOALKA OTO
ortitl. EmutAgoy, elodyel pLa e€€tacn TG oTAong amevavtl oto nepLBAAlov pe tnv mpobeon va
TIPOKOAECEL YVWOTIKN acupdpwvia petafl KatavaAdwtwyv Pe TepLBaAlovTik cuveldbnon pe
pouTiveG OTIATOANG XPriONG VEPOU N AVATIOTEAECUATIKEG OLKLOKEG OUOKEVEC. ZUAAEYEL OTOLXELL
NG £PEUVAC ATO UEUOVWHEVO LEAN TNG OLKOYEVELAG TTOU OXETI{OVTAL UE TO VTOUG TOUG KOl TLG
ouvnRBeLeG TAUONG TWV POUXWYV, ATTOTEAECLOTLKOTNTOG TWV OLKLOKWY CUCKEUWV KL TO ETtined0
™G mepLBarloviikng avnouxiag.

H ocuvdptnon WUC avtutapaBétel tn B€on tou atopou otnv texvoloyikn (emidoon) dtdotaon,
Vv xpnon (mepkomnn) kat tnv meptPariovtikni dtaotaon. H e§atouikeupuevn avatpodpodotnon
UTIOYPAUUICEL Ta onpela OTToU N Texvoloyia f/kaL N cupmePLPoPd TWV XPNOTWV £PXOVTAL OF
avtiBeon pe Tig mePLBAAAOVTIKEG TACELG TOU KatavaAwTth. H avayvwplon autng tng dtadopdg
Uopel va €mMIKAAEOTEL YVWOTIKA aoupdwvia Kal va TOPAKWVACEL TOUG XPNOTEG va
TPOTIOTIOL)COUV TN CUUMEPLPOPA TOUG I TIGC OUOKEUEG Touc. H WUC mapouotalel emiong
TIPOCOPUOCHEVEG TANPOdOpPLEG OXETIKA e TILOaVES SpAoeLg e€olkovounong vepou. X avtiBeon
HE TO autovopo DSS yla volkokupld, auth n avatpododotnon eival eEQTOULKEUUEVN yLa TO
ATopa KOl OXL OAOKANPN TNV OLKOYEVELQ.
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11. Polish version of the user manual.

Instrukcja obstugi domowego systemu wspomagania decyzji

11.1 Daily usage (Zuzycie dzienne)

Wykres znajdujacy sie w gornej czesci ekranu dziennego zuzycia zawiera informacje na temat ilosci wody
wykorzystanej w okresie ostatnich 23 godzin. Dane te prezentowane sg w litrach na godzine. Znajdujace
sie ponizej wskazniki w postaci tarcz zegaréw wyswietlajg dane na temat ostatniego zuzycia
zarejestrowanego przez poszczegdlne urzadzenia pomiarowe.

-
Daily Usage

Realtime Flow Trend

:;v

4

Rysunek 1 Dzienne zuzycie

11.2 Aktualnosci

Zaktadka ta dostarcza informaciji, ktdre podzielone zostaty na trzy kategorie: Oszczedzanie wody, Wptyw
na Srodowisko, Wiedza ogdlna. W celu przetgczania pomiedzy kategoriami nalezy wybra¢ odpowidnig
zaktadke lub przesungé ekran. Wybér tytutu porady skutkuje jej wySwietleniem. Po jej przeczytaniu nalezy
wybraé “ok” by powrdcié¢ do listy porad.

Environment Impact Genera| Knowledge

Fix the leaky taps

One minute shower

Rysunek 2 Porady

Uzytkownikom koncowym prezentowane sg wytgcznie te porady, ktére odnoszg sie do ich sytuacji tzn.
majg szanse poprawic ich efektywnosc¢ korzystania z wody. To jaka porada jest prezentowana danemu
uzytkownikowi determinujg modele historycznego i przewidywanego zuzycia. Niektore porady
zawierajg odnosniki do odpowiadajgcych im zewnetrznych zrddet. Do zbioru porad naleza:

15.  Fix leaky tap — porada wyswietlana w sytuacji kiedy system wykryje ciggte zuzycie wody na
przestrzeni dtuzszego okresu.

16. You are above average: - porada wyswietlana kiedy zuzycie wody poprzedniego dnia
przekroczyto przecietne zuzycie catego sgsiedztwa.

17.  Increased water usage — porada wyswietlana kiedy dzienne zuzycie wody wzrosto o wiecej niz
15% w stosunku do dnia poprzedniego.
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18.  Heavy user — porada ta informuje uzytkownika, ze jego gospodarstwo domowe nalezy do grona
10 gospodarstw o najwyzszym zuzyciu wody w sasiedztwie

19.  Be proud! - porada przeciwna wzgledem poprzedniej, wysSwietlana kiedy gospodarstwo nalezy
do grona 10 gospodarstw o najmniejszym zuzyciu wody w sgsiedztwie.

20.  Areyou in a hurry? — porada wyswietlana kiedy gospodarstwo nalezy do 10% gospodarstw, w
ktorych zuzycie wody nastepuje najczesciej. Porada ta ma takze na celu zwrdcenie uwagi uzytkownika
na wadliwe oraz ciekngce krany.

21.  Disciplined — porada przeciwna do powyzszej.

22.  Increasing — porada wysSwietlana na podstawie trendu zuzycia wody wyznaczonego przy pomocy
modelu uzyskanego metodg regres;ji liniowej. Wyswietlenie porady nastepuje gdy miesieczny trend
przewiduje zwiekszone zuzycie wody.

23.  Decreasing trend — porada przeciwna do powyzszej.

24.  Expected water usage — porada w petni dedykowana. Przy jej generowaniu wykorzystywany jest
model ARIMA, ktérzy przewiduje zuzycie wody nastepnego dnia.

25.  Water in kitchen — porada wyswietlana jako ostrzezenie tym uzytkownikom, ktdrzy maja
najwyzsze zuzycie wody w kuchni. Porada sugeruje zaopatrzenie sie w urzgdzenia pozwalajgce na
zaoszczedzenie wody (np. areator).

26.  Water in bathroom — porada dla urzagdzen w tazience. Précz porady uzytkownik otrzymuje
mozliwosc¢ skorzystania z odnosnika, pod ktérym moze sprawdzié czy posiadane przez niego urzadzenia
sg wodooszczedne.

27.  Shower water — porada prezentowana, gdy woda w gospodarstwie domowym zuzywana jest na
prysznic w szczegélnie duzych ilosciach.

28.  Toilet flush — porada wyswietlana, gdy zuzycie wody w sptuczce jest nadmiernie wysokie.
Uzytkowniki zostaje poinformowany takze o mozliwosci instalacji sptuczki dwukomorowej.

11.3 Efektywnos¢ uzycia wody

Ekran efektywnosci uzycia wody przedstawia zestawienie pozwalajgce uzytkownikowi na poréwnanie
zuzycia wody w jego gospodarstwie domowym w przeciggu ostatnich dni w odniesieniu do historycznej
Sredniej. Siedem wartosci widocznych w diagramie “Aktualny trend” przedstawia dzienne zuzycie wody
(w litrach) w minionym tygodniu (-7 odnosi sie do dnia, ktory mingt 7 dni temu wzgledem dnia
biezgcego, a -1 do dnia poprzedniego wzgledem biezgcego dnia). Rozmieszczenie oraz kolor tta, na
ktorym umieszczone zostaty poszczegdlne wartosci odpowiadajg efektywnosci uzycia wody danego
dnia. Najciemniejsza zielert oznacza bardzo niskie zuzycie w ramach gospodarstwa (co najmniej 30%
ponizej historycznej sredniej). Kolor z6tty oznacza historyczng Srednig. Kolor czerwony wskazuje na
bardzo wysokie zuzycie (co najmniej 30% wieksze niz historyczna srednia gospodarstwa).

- Rateliagram

Water Consumption Benchmark

Rating Schema Current Trend
2 - -5 -4 = 2 -1
[ <30%A | { 60 0457)
[ 115 095} [ 107527}
[ <10%C I 122099
I >+ 20% F |
sk |

Rysunek 3 Wykres miary efektywnosci zuzycia wody
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11.4 Podsumowanie zuzycia wody

Wykres podsumowujacy zuzycie wody dostarcza informacji ile litrow wykorzystano przy pomocy
poszczegdlnych urzadzen. Pierwsze trzy symbole oznaczajg kran kuchenny, zmywarke, kran w tazience.
Kolejne trzy to pralka, toaleta (sptuczka) oraz prysznic. Chcac zobaczyé podsumowanie w ujeciu dziennym
(ostatnie 7 dni), tygodniowym (ostatnie 4 tygodnie) lub miesiecznym (ostatnie 3 miesigce) nalezy wybrac
odpowiednig zaktadke.

SummaryDiagram

Daily | Weekly = Monthly

10/1/2015 9/30/2015 9/29/2015 9/28/2015

I 2 ¥ 3 2 L B v 3 - LV E ¥ ] R-5'g
9/27/2015 9/26/2015 9/25/2015
0 « -
| P - "
l-'_‘1.-‘5 = "‘ By a L .; E B =

Rysunek 4 Podsumowanie zuzycia wody dzienne, tygodniowe, miesieczne

11.5 Ustawienia celu

Ekran ustawienia celu prezentuje podsumowanie zuzycia wody (w litrach) w gospodarstwie domowym
w okresie ostatnich siedmiu oraz 30 dni. Dodatkowo ekran ten pozwala na wybdr celu, ktdrego
realizacja poskutkuje zmniejszeniem zuzycia wody oraz na monitorowanie postepow dokonywanych
na drodze do jego realizacji. Uzytkownik moze wybra¢ jako swdj cel redukcje zuzycia wody o 10%, 20%,
30% lub 40% wzgledem swojego dotychczasowego zuzycia. Informacja o tym czy zaktadany cel udato
sie zrealizowac przekazywana jest poprzez kolor tta, na ktérym umieszczono ilo$¢ zuzytej wody
wyrazong w litrach. Kolor zielony oznacza, ze cel zostat osiggniety, a czerwony, ze celu nie udato sie
zrealizowac.

Self-goal Setting

Your Consumption Your Daily Consumption Goal Sett
Weekly Goal Last 30 Days Monthly Goal idlione it

Last 7 Days

767.52 4584.86 3289.38

Rysunek 5 Ustawienia celu
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11.6 Dziennik wodny (ang. WaterDiary)

WaterDiary to aplikacja stanowigca swego rodzaju dziennik zuzycia wody. Prezentuje ona wszystkie
zuzycia zarejestrowane przez czujniki oraz pozwala cztonkom gospodarstwa domowego na ich
identyfikacje — okreslenie kto dokonat danego zuzycia. Dzieki tym informacjom moizliwe jest
wygenerowanie zestawien prezentujgcych, kto zuzywa najwiecej wody oraz na jaki cel przeznaczana jest
jej najwieksza ilos¢. Funkcja ta podnosi jakos$¢ oraz szczegdtowosé informacji na temat zuzycia wody
dostepnych dla gospodarstwa domowego. Poza tym poszczegdlni cztonkowie gospodarstwa zyskujg
poglad na efektywnosc¢ zuzycia wody przez innych cztonkéw gospodarstwa.

< WaterDiary

]

From To
2015-12-08 2015-12-09
Date Behaviour Family member Volume
2015-12-08 00:01 Golenie -~ Anna ¥ 2.592
2015-12-08 00:02 Pranie - Adam = 17.541
2015-12-08 00:03 Pranie * [Katarzyna = 31.164
2015-12-08 00:04 Pranie ~ Adam > 2.693

ANAE 10 N0 AN mImois A

Rysunek 6 Water diary

= A e

11.7 Klasyfikacji uzytkownikéw wody

Podobnie jak w przypadku WaterDiary, funkcja klasyfikacji uzytkownikow wody (WUC) ma za zadanie
przypisanie do zuzycia konkretnego uzytkownika a nie gospodarstwa, w ktorym dokonano zuzycia.
Ponadto funkcja ta ma za zadanie zwrdcenie uwagi uzytkownikow na niekorzystny wptyw jaki wywierajg
na Srodowisko poprzez przyzwyczajenia, w skutek ktdrych marnujg zasoby wodne, oraz korzystanie z
mato efektywnych urzagdzen AGD. W ramach WUC przeprowadzana jest ankieta, w ktérej poszczegdlini
cztonkowie gospodarstwa domowego odpowiadajg na pytania dotyczgce ich nawykdéw zwigzanych z
braniem prysznica, praniem, wydajnoscig urzadzen. Dodatkowo uzytkownicy pytani sg o ich
zainteresowanie ochrong srodowiska.

WUC zestawia ze sobg zdanie poszczegdlnych uzytkownikow w kilku wymiarach: technologicznym
(wydajnos¢ urzadzen), zuzycia wody (ograniczenie go), ochrony srodowiska (podejscie jakie reprezentuje
uzytkownik do tego zagadnienia). Informacje jakie przekazuje uzytkownik pozwalajg na jasne okreslenie
gdzie technologia i/lub zwyczaje uzytkownika stojg w sprzecznosci z jego podejsciem do $Srodowiska.
Identyfikacja tych rozbieznosci moze pomdc uzytkownikowi w okresleniu istniejgcych sprzecznosci i
zmotywowac go do zweryfikowania swoich przyzwyczajen czy jakosci stosowanych urzadzen. WUC
dostarcza takze informacji dotyczacych tego jakie dziatania powinni podjg¢ poszczegdlni uzytkownicy w
celu zredukowania zuzycia wody. W przeciwienistwie do DSS porady te kierowane sg do konkretnych
cztonkéw gospodarstwa domowego.
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